Aluminum was anodized in a Na 3 PO 4 solution, and then platinum and tin were electrodeposited into nano pores of anodic oxidation film in H 2 PtCl 6 and SnSO 4 solutions. Titanium (IV) oxide (TiO 2 ) thin film was immobilized on electrolytically colored anodic oxide coating of aluminum. The photocatalytic activity of prepared films was analyzed for photolysis of the malachite green. In the results, the photocatalytic activity of Pt loaded TiO 2 (TiO 2 /Pt/Al 2 O 3 ) film was highest in all films, and the relation between the amount of metallic colloid and photocatalytic activity was confirmed. Photocatalytic activity improved with increase of the electrodeposition amount, and activity was highest when the amount of platinum was about 4:2 Â 10 À5 kgÁm À2 . But photocatalytic activity began to decline when the amount of platinum exceeded 4:2 Â 10 À5 kgÁm À2 because the platinum had a recombination center and decreasing surface area by electrodeposition. The photocatalytic activity of Sn loaded TiO 2 (TiO 2 /Sn/Al 2 O 3 ) film didn't reach that of the TiO 2 /Pt/Al 2 O 3 film. However, that indicated photocatalytic activity of about 1.6 times compared with TiO 2 /Al 2 O 3 film. SnO 2 manifested photocatalysis as well as TiO 2 because it was confirmed that sintered tin was SnO 2 in the results of XPS.
Introduction
Aluminum is widely used in building fields because it is cheap and light. However, since aluminum has low corrosion resistance, it's generally used after surface finishing, such as in anodizing, plating, and chemical conversion. In recent years, such functionality films as photocatalysis, magnetism, and ferroelectricity have been studied [1] [2] [3] [4] [5] [6] as well as high hardness and high corrosion resistance in surface finishing fields. In particular, photocatalyst is often studied because its photolysis is possible to water 7) as well as the decomposition of such chemical compounds as NO X and organic compounds under illumination. [8] [9] [10] TiO 2 photocatalyst in particular is a promising photocatalyst material that has often been studied from the perspective of photocatalytic activity, resistance to photocorrosion, and harmlessness. [11] [12] [13] [14] Photocatalytic activity influences crystallinity, the surface area, and impurities. [15] [16] [17] [18] [19] Therefore, when photocatalytic film is immobilized, the substrate is influential. Film prepared by anodizing is porous and possesses a wide surface area, and metallic colloids can be deposited by electrolytic coloring.
This report therefore aims to prepare a high catalytic activity photocatalyst substrate by utilizing anodic oxidation film as new function; an aluminum plate was anodized in an alkaline solution, and then platinum and tin were electrodeposited into pores by electrolytic coloring. After that, TiO 2 film was immobilized on the electrolytically colored anodic oxide coatings by a sol-gel method. The photocatalytic activity of the prepared film was analyzed for photolysis of the malachite green.
Experimental
An aluminum plate (purity: 99.85%, 15 Â 50 Â thick 0.4 mm) was treated by immersion in a NaOH aqueous solution and methanol, and then anodizing was performed by DC constant voltage electrolysis under 60 V in a 300 molÁ m À3 Na 3 PO 4 solution for 15 min at 283 K. [20] [21] [22] A platinum plate (30 Â 50 Â thick 0.2 mm) was used as the counter electrode. Next, the platinum and tin were electrodeposited into pores by electrolytic coloring. Platinum was electrodeposited under 40 V in a 10 molÁm À3 H 2 PtCl 6 aqueous solution, and the tin was electrodeposited by AC constant voltage electrolysis under 30 V in a mixed aqueous solution consisting of 5 molÁm À3 , SnSO 4 , 50 molÁm À3 H 2 SO 4 , 5 molÁ m À3 Benzenesulfuonic acid, and 10 molÁm À3 H 3 BO 3 . The temperature and electrolytic time were set at 283 K for 60 s from 10 s in both the platinum and the tin. The TiO 2 film was immobilized by a sol-gel method 23) on the upper part of prepared films under sintering temperature of 823 K for 10 min in a mixed methanol solution consisting of 130 molÁ m À3 EDTA, 140 molÁm À3 Di-n-butylamine, 1.3 kmolÁm
À3
Hydrogen peroxide, and 130 molÁm À3 Titaniumtetraisopropoxide. Figure 1 shows a model of the prepared three-layer film.
Quantitative analysis of the platinum, the tin, and the TiO 2 were carried out by inductively coupled plasma (ICP) emission spectrometry, where the films were dissolved in H 2 SO 4 and in aqua regia, and then the solution was analyzed. The morphology of the TiO 2 , the deposited metals, and postsintering was distinguished by X-ray diffraction (XRD) and X-ray photoelectron spectrometry (XPS or ESCA). Deposition behavior of electrodeposited metallic colloids was confirmed by observation of the cross section. Aluminum wires (0:3 mm) were fixed into epoxy after being anodized and cut at thicknesses of 50 nm by microtome and then observed by transmission electron microscope (TEM). The measuring machine of the surface roughness measured the surface roughness of the films; the surface area of the film was also considered.
Photocatalytic activity was analyzed for the photolysis of the malachite green. The malachite green solution was set to 1.0 ppm and put into 3 Â 10 À6 m 3 quartz cells with samples that were UV illuminated for 120 min. Photolysis was carried out under the conditions shown in Table 1 , and then absorbance [logarithm of the intensity ratio of incident beam and transmitted beam; À logðI=I 0 Þ] was analyzed by UV/vis spectrophotometer under a wavelength of 618 nm. Figure 2 shows cross-section photographs of TiO 2 on electrolytically colored anodic oxide coatings by TEM. Film thickness was about 4 mm. Nanopores formed wavy lines lengthwise to an aluminum substrate from the interface with TiO 2 , and diameter of the pores was about 50-100 nm. Metallic colloids were electrodeposited into nanopores and confirmed to disperse in TiO 2 film by heating. Figure 3 shows the XRD patterns of TiO 2 . Sol-gel solution was crystallized at 823 K in electric furnace, and obtained TiO 2 was analyzed by powder XRD. In the results, the morphology of TiO 2 was distinguished as rutile-type and anatase-type. Figure 4 shows the XRD patterns of metallic colloids (platinum and tin). The platinum and tin were analyzed by thin film XRD after that electrodeposited into anodic oxidation film. The results confirmed that the electrodeposited colloids were metal and that they retained a metal state after sintered at 823 K. Figure 5 shows the XPS results of TiO 2 on anodic oxidation film. The Ti 2p spectrum shows two peaks located at 458.5 and 464.2 eV, respectively; only the peak that indicates TiO 2 was observed in the Ti 2p spectrum. On the other hand, the O 1s spectrum shows two peaks located at 530.7 and 533.5 eV that express TiO 2 and AlOOH. 24 ) Figure 6 shows the XPS results of the deposited colloids into pores. Pt 4f spectrum indicated two peaks at 70.7 and 74.1 eV, suggesting that these peaks are metallic platinum as well as the results of XRD. The Sn 3d 5=2 spectrum was indicated at 484.7 eV before sintering, but other peaks were confirmed to appear after sintering. The Sn 3d 5=2 spectrum after sintering appeared at 484.7 eV and at about 486.5 eV. The Sn 3d 5=2 peak positions reflect the presence of Sn Enhancing Effect on Photocatalitic Activity of Electrocolored Anodic Alumina Figure 7 shows the influence of the film thickness of anodic oxidation films for photocatalytic activity. In the results, photocatalytic activity was highest when the film thickness was 4 mm, and Na 3 PO 4 films more indicated photocatalytic activity than H 2 SO 4 films. Photocatalytic activity however declined when film thickness was greater than 5 mm. The included Na þ ion in the anodic oxidation films increased with the film thickness, and it diffused in the TiO 2 film by heating treatment. Photocatalytic activity declined because sodium titanate without photocatalytic activity was generated by the reaction of Na þ ion and TiO 2 .
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3.4 Amounts of TiO 2 and metallic colloids Figure 8 shows the amount of immobilized TiO 2 and deposited platinum, and the amount of TiO 2 and deposited tin are shown in Fig. 9 . The film thickness of the anodic oxidation film was set to 4 mm. The amount of metallic colloids increased with electrolytic time, but the amount of TiO 2 remained constant, despite the amount of metallic colloids. As a result, it was revealed that the loading amount of metallic colloids to TiO 2 increased with electrolytic time. Figure 10 shows the adsorpability and surface roughness of TiO 2 /Pt/Al 2 O 3 films on anodic oxidation film. In the Figure 11 shows the temporal concentration changes of malachite green in photocatalytic reactions. The film thickness of the sample was set to 4 mm. The results confirmed the clear differences in absorbance changes; the photocatalytic activity of TiO 2 /Pt/Al 2 O 3 film was highest in every sample because charge separation efficiently originated in the TiO 2 / Pt/Al 2 O 3 film. Figure 12 shows the influence of the electrodeposition amount of platinum for the decomposition rate of malachite green with TiO 2 /Pt/Al 2 O 3 films. In the results, photocatalytic activity improved with increases of electrodeposition amounts, and activity was highest when the amount of platinum was about 4:2 Â 10 À5 kgÁm À2 . However, photocatalytic activity began to decline when the amount of platinum exceeded 4:2 Â 10 À5 kgÁm À2 because it had a recombination center and the surface area declined by electrodeposition. Photocatalytic activity of the H 2 SO 4 film declined conspicuously during increases in the amount of platinum, but the photocatalytic activity of the Na 3 PO 4 film didn't decline as much as the H 2 SO 4 film. This means that it can control photocatalytic activity by electrodeposition amount. Figure 13 shows the influence of the electrodeposition amount of tin for the decomposition rate of malachite green with TiO 2 /Sn/Al 2 O 3 films. In the results, photocatalytic activity improved with increases of the electrodeposition amount as well as the TiO 2 /Pt/Al 2 O 3 film, and activity was highest when the amount of tin was about 9:2 Â 10 À5 kgÁm À2 . Photocatalytic activity of TiO 2 /Sn/ Al 2 O 3 film was lower than the TiO 2 /Pt/Al 2 O 3 film. However, that result indicated photocatalytic activity about 1.6 times more than TiO 2 /Al 2 O 3 film. Sintered tin was confirmed to be metallic Sn, SnO, and SnO 2 in the XPS results. SnO 2 manifested photocatalysis as well as TiO 2 because it is a semiconductor photocatalyst with a bandgap wider than TiO 2 .
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Conclusion
TiO 2 on Na 3 PO 4 anodic oxidation film possessed high photocatalytic activity because anodic oxidation film possesses a wider surface area than an aluminum plate before surface finishing. The photocatalytic activity of Pt and Sn loaded TiO 2 by electrolytic coloring was higher than nonloaded TiO 2 . But photocatalytic activity declined when the loaded amount was excessive because platinum had a recombination center and decreased surface area by electrodeposition. However, the photocatalytic activity of Na 3 PO 4 film didn't decline as much as the H 2 SO 4 film, meaning that it can control photocatalytic activity by electrodeposition amount.
Therefore, anodic oxidation film and electrolytically colored anodic oxide coating were effective as substrates of photocatalytic film.
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